Introduction
Nowadays, nitriding have more and more industrial applications in gears and bearings fields for instance in aeronautics. High hardness, compressive residual stresses and surface fatigue performance increase are the best éléments for nitrided parts utilization in industrial systems instead of others technologies. In order to understand the behaviour of nitrided parts during service, the microstructure of nitrided layers must be known as well as possible. These microstructures have already been studied by many authors but in most cases, binary alloys [1, 2] or synthetical alloys [3] were studied. Few of them studied industrial alloys. The Spécimens (see Fig. 1 Fig. 3 ). Some characteristics of these precipitates taken from literature [6] V-rich precipitates are still present in the nitrided layer (see Fig. 6 ). Their sizes and surface distributions are the same as in the un-nitrided core. SAED confirms their FCC structure (see 7) and EDS spectra provides a V-rich spectrum containing also carbon and nitrogen peaks. Fig. 8 ). This conclusion is consistent with a previous study [7] where a continuous solid solution between vanadium carbide VC and vanadium nitride VN is found. As nitrogen enters in the un-nitrided material, two different precipitation processes take place leading to two different kinds of precipitates (see Fig. 9 ).
2022 From Section 3.2, it has been pointed out that 0.4 wt% of chromium is still present in Only morphologies and volume fraction values are different due to the way of precipitation.
Semi-coherent CrN
The substitutional solid solution of chromium in ferrite leads to the nucleation of CrN platelets precipitates during nitriding treatment. Literature [1, 3] [8] and is written as follows:
A scheme of this relationship is presented in Figure 10 . This relation leads to three different spatial orientation for CrN precipitates on {100} plane faces of ferrite structure. TEM micrographs on a thin foil allow the visualisation of these precipitates and their arrangement in the matrix (see Fig. 11 ). In this figure, the (Fig. 16) allows the visualization of their distribution in the matrix. In this figure, these precipitates correspond to globular black particles. Their structure identification and chemical compositions are obtained from SAED patterns and EDS spectra (see Fig. 17 ). Both techniques confirm respectively their FCC structure (a = 0.414 nm) and their Cr-rich composition with the presence of molybdenum. EELS experiments (Fig. 18) confirm the presence of chromium and nitrogen but no carbon is detected. These observations lead to the conclusion that these precipitates are chromium nitrides CrN with a partial substitution by molybdenum atoms. The comparison between their orientation relationship with respect to the ferritic matrix and those of semi-coherent precipitates leads to assume that both of them have the same orientation relationship with the matrix ( i. e. Baker-Nutting).
Precipitate Size Characterization
For both families of CrN precipitates (globular and semi-coherent), the size distributions have been studied as a function of depth by carbon film replicas. These replicas were taken on a cross-section of the nitrided layer. Depths are determined by measuring the distance from the surface limit directly on the replica. Thus, all depths are available on one replica.
For globular CrN precipitates, three different depths were investigated and about a hundred of particles sizes were measured each time. As it has been pointed out in Section 4.1.2, these precipitates show an ellipsoid shape. Thus, size characterization is made on their length (see Fig. 19 ) and their width (see Fig. 20 
